Thirty known dialkanoates of ethylene, propylene and diethylene glycols were synthesized by reacting the glycols with acyl chlorides and their structures confirmed by IR, NMR and mass spectral analyses. They exhibited significant antifungal activity against two phytopathogenic fungi Rhizoctonia solani Kuehn and Sclerotium rolfsii Sacc in a dose dependent manner. Propylene glycol dipentanoate was the most active against R. solani. followed by diethylene glycol dibutanoate and ethylene glycol dibutanoate. Against S. rolfsii ethylene glycol diheptanoate was found to be most active followed by diethylene glycol diisobutanoate As compared to the standard reference benomyl (EC 50 5.16 µg/mL), the potential alkanediol dialkanoates showed EC 50 in the range of 33 -60 µg/mL.
Crop protection methodologies employing conventional synthetic pesticides are increasingly discouraged due to their detrimental effects on humans and the environment. In quest of environmentally benign crop-protection chemicals, efforts are being made to develop naturally occurring eco-friendly molecules and their derivatives with pest control properties. A new class of biorational molecules was discovered when exudates produced by glandular trichomes of Nicotiana spp., wild tomato, Lycopersicon hirsutum, and Solanum spp. were found to contribute towards plant defense and resistance to attack by insect pests [1] [2] [3] [4] . These exudates consisted of glycolipids (sucrose and glucose esters), glycerolipids (mono-, diand triglycerides), free fatty acids/esters, terpenes etc. and demonstrated activity against certain phytophagous insects and pathogens [5] [6] [7] . Glucose and sucrose esters isolated from leaf cuticular waxes of wild tobacco, Nicotiana gossei and other Solanaceous plants were toxic to the tobacco aphid, Myzus nicotianae, greenhouse whitefly, Trialeurodes vaporariorum, and Bemisia argentifolii [8] . Such polyol esters, being highly safe, find wide application in food industry as emulsifiers, stabilizers, wetting agents, detergent surfactants and solubilizers.
A large number of structurally related phytochemicals with diol, polyol and mono, di and/or polyester moieties namely veracevine alkaloids, ryanodines, quassinoids, and antifeedant sesquiterpene polyol esters have shown antifeedant, insect growth regulatory and insecticidal activities [9] [10] . Propylene glycolic esters of fatty acids were reported to possess significant acaricidal activity against the adult spider mite [11] . A study based on naturally occurring monoesters of alkenyl/alkynyl substituted glycols and glycerols, obtained from idioblast cells of avocado (Persea americana) fruit, revealed significant antifungal activity against the avocado fungal pathogen, Colletotrichum gloeosporioides [12, 13] .
Alkanediol diesters have been synthesized following reaction of alkane diols with acyl chlorides in the presence of a base [14] , reaction of a glycol monoester with carboxylic acids in the presence of a Lewis acid catalyst [15] and reaction of a glycol with an acid anhydride in the presence of a metal halide as a catalyst [16] . Mixed diesters of alkane diols containing both aliphatic and aromatic acid moieties exhibit antimicrobial activity against bacteria, moulds and yeasts [17] . Alkane diol esters such as 1,3-butanediol monooctanoate and monopropionate are also known as safe antimicrobial preservatives for dairy and meat products [18] . The diesters of simple glycols have not been evaluated earlier for their possible antifungal activity. Such compounds may interfere with the biochemical and physiological functions of fungi causing antifungal effects. The present investigation therefore aimed at the synthesis and antifungal activity of ethylene, propylene and diethylene glycol diesters against two soil borne phytopathogenic fungi, Rhizoctonia solanii and Sclerotium rolfsii, the causative agent of various plant diseases. While Rhizoctonia solanii primarily causes damping-off disease, collar rot, root rot and stem cancer, Sclerotium rolfsii causes root and stem blight, stem rot, white mould and/or crown rot of various agricultural and horticultural crops.
Three series of alkane diol dialkanoates (1-30) have been synthesized by reaction of ethylene glycol, propane-1,2-diol and diethylene glycol with the corresponding acid chlorides (figure 1). Although the compounds reported herein are known, their antifungal activity has not been reported [14, [16] [17] [18] . Their IR, 1 H, 13 C NMR and Mass spectra data are reported in the Supplementary Data and discussed below for the representative compound 16.
The IR spectrum of 16 showed absorption bands at 1736 (C=O str), 1173 (C-C(=O)-O str as ), 1466 (CH 2 scissoring) and 2962 -2853 (C-H str) typical of diesters In the 1 H NMR spectrum of 16, the downfield peaks at  0.82 and 0.85 were assigned to the methyl protons C-8΄, C-8΄΄, and C-6΄, C-6΄΄. The multiplets at  1.4 and 1.6 were attributed to the C-3΄, C-3΄΄ and C-7΄, C-7΄΄ protons. An 8-proton multiplet at  1.25 was assigned to the 4΄, 4΄΄ and 5΄, 5΄΄ methylene protons. Similarly, a 3H doublet at  1.2, a one-proton doublet at  3.55 and a two proton doublet at  4.0 were typical of the propane-1,2-diol moiety. The 13 C NMR spectrum of 16 displayed sixteen peaks of the alkanoyl moieties, two peaks at  67.86 and 65.74 adjacent to oxygen (C-1, C-2), two carbonyl carbon peaks at  176.07 and 175.66 and five upfield methyl carbon peaks at  11.74, 11.77 (C-6΄, C-6΄΄), 13 .82 (C-3) and 17.71, 16 .61 (C-8΄, C-8΄΄). The mass spectrum of 16 had a molecular ion peak at m/z 328 and three fragment ion peaks at m/z 143, 185 and 127 as a result of the mass-fragmentation depicted in Figure 2 . The synthesized compounds exhibited significant antifungal activity (Table 1) against two phytopathogenic fungi R. solani and S. rolfsii that damage crops and agricultural produce. The mycelial growth of the fungus was inhibited in a dose-dependent manner. Among the ethylene glycol dialkanoates (1-10) compounds 2 and 6 were most active while compounds with more than a seven carbon acyl chain length (9, 10) were comparatively less active. Against the test fungus, Sclerotium rolfsii, compounds 6 and 7 were most outstanding in inhibiting the fungal growth. Among the propane-1,2-dialkanoates (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , the two most active compounds were 14 and 12, respectively. Like ethylene glycol dialkanoates, the antifungal activity of propane-1,2-dialkanoates was significant up to a five-carbon acyl chain length but receded with further increases in the chain length. Thus, long chain esters with nonanoic and decanoic acids were moderately active. When evaluated against S. rolfsii, compound 12, 14 and 15 were the most active.
A similar trend was evident with the diethylene glycol dialkanoates (21-30) as the maximum antifungal activity against R. solanii resided with compound 22. The activity of the diesters diminished steeply beyond six-carbon acyl chain length. The mid-series esters showed moderate activity. The compounds were moderately active against S. rolfsii with 23 being the most active and the long chain diesters 29 and 30 the least active. The increased activity of ethylene glycol dialkanoates over diethylene glycol diesters suggests that introduction of additional glycol function in the diethylene glycol series is not beneficial to enhancing the activity. Also, branching in the acyl chain seems to adversely affect the antifungal activity.
In summary, dialkanoates of ethylene glycol, propylene glycol and diethylene glycol exhibited significant antifungal activity. Compound 14 was the most active against R. solanii. Against S. rolfsii, the most active was 7. The antifungal activity of the most active compound, 14, was slightly less than the reference fungicide benomyl (EC 50 5.16 μg/mL). Although activity of diol esters was less than benomyl, the compounds assume significance in view of their simple structures, ecologically benign nature, ease of synthesis and cost effectiveness. In view of their perceived environmental safety, the alkanediol dialkanoates may serve as potential templates to develop a new generation antifungal agents that are safe and friendly to the environment.
Preparation and antifungal activity of dialkanoates
Natural Product Communications Vol. 7 (9) 2012 1221 Experimental General experimental procedure: 1 H NMR and 13 C NMR spectra were recorded on a Bruker 300 AC (300 MHz) instrument. Deuterio-chloroform (CDCl 3 ) and tetramethylsilane (TMS) were used as solvent and internal standard, respectively. Chemical shifts were recorded in δ values relative to TMS. The Mass spectroscopy was carried out using Thermo Electron MS spectrometer (Thermo Electron Corporation USA). Detection of mass was done by an electron-spray ionization (ESI) source with Finnigan LCQ tune plus program fitted with MAX-detector. Xcalibur Software was used for the purpose of identification, quantification and fragmentation of required masses. Infra-red (IR) spectra were recorded in Nujol with Nicolet Impact 700 FT-infra-red-spectrophotometer. (1-30) : To a solution of glycol (0.1 mol) in dichloromethane (50 mL) and triethylamine (1 mL) in a flat-bottom flask, redistilled acid chloride (0.2 mol) was added drop-wise and the mixture stirred on a magnetic stirrer with cooling. Progress of the reaction was monitored by TLC. After completion of the reaction, water (200 mL) was added and the mixture was extracted with ether (2 × 100 mL). The upper organic layer was separated and treated with saturated sodium hydrogen carbonate solution. The organic phase was washed with water and dried with anhydrous sodium sulphate. The solvent was distilled off under vacuum to get the respective glycolic diesters. The products were purified by preparative TLC or column chromatography over silica gel using suitable proportions of hexane and ethyl acetate as eluant. IR, NMR and mass spectral data of representative compound 16 are given below. [19] . The ready-made PDA medium (39 g) was suspended in 1000 mL of distilled water and heated to boiling to completely dissolve the medium. The medium and Petri dishes were sterilized in an autoclave at 15 psi for 15 minute. The stock solutions of all the compounds were prepared by dissolving each of the test compounds (130 mg) in 2 mL of acetone. Appropriate quantity of test compounds in acetone was added to molten PDA medium in order to get the desired concentration. The medium of each concentration and control was poured into a set of 3 Petri-dishes (3-replications), under aseptic conditions in a laminar flow chamber. The plates were kept under UV light in the laminar flow chamber for solidification of the medium. A 5 mm thick disc of fungus (spore and mycelium) cut from earlier sub cultured Petri dishes was put at the centre of the semi solid medium in the test Petri dishes and the lids of the dishes were placed properly. Both treated and control dishes were kept in a BOD incubator at 27±1°C till the fungal growth in the control dishes was complete after which the readings were taken.
General method for the synthesis of alkanediol dialkanoates

Recording of observations:
The mycelial growth (cm) in both treated (T) and control (C) Petri dishes were measured diametrically in three different directions. From the mean growth of above readings, percentage inhibition of growth (% I) was calculated by using the following formula: where 90 is the diameter of the Petri dish in mm and C is the diameter of growth of the fungus in control plates. From the concentration (μg mL -1 ) and corresponding corrected percentage inhibition data of each compound, the EC 50 (μg mL -1 ) value was calculated statistically by probit analysis with the help of SAS Package (statistical analysis system package) software. EC 50 values were calculated using the Basic LD 50 program version 1.1 [20] .
Supplementary data: % age yield, IR, NMR and mass spectral data of synthesized compounds.
